INTRODUCTION
Breast cancer is the second most common malignancy after melanoma to metastasize to skin. 1 Approximately 30% of individuals with metastatic breast cancer (MBC) go on to have cutaneous metastases, frequently presenting as firm nodules, diffuse infiltrative or ulcerative lesions, often in proximity to an old mastectomy scar. 2, 3 Cutaneous metastases of breast cancer (CMOBC) is a therapeutic challenge and is associated with increased morbidity. Progression of disease often results in severe pain, chest wall ulceration, bleeding, and superinfection. 2 Optimal management of these highly morbid lesions is an active area of investigation. Apart from improving quality of life, recent evidence suggests that skin-directed treatment of CMOBC with topical imiquimod can provide durable systemic responses that prolong survival. 3, 4 We present 3 cases of CMOBC treated with cryotherapy in combination with either topical fluorouracil 5% (5FU) or topical imiquimod. All patients had striking responses both locally and systemically. We hypothesize that there may be a role for topical therapy in palliation of CMOBC. Current evidence suggests there may be synergy between systemic therapies and the antitumor response induced by skin-directed therapies: cryotherapy generating an in situ vaccination of tumor and topical 5FU or imiquimod generating and sustaining a favorable inflammatory milieu. 3, [5] [6] [7] [8] Although large-scale controlled studies are needed to determine if skin-directed therapy plays a role in the treatment of MBC, these results suggest combined therapy may be effective for CMOBC. her CMOBC. Physical examination found extensive friable metastases on her trunk (Fig 1, A) . Treatment with 5FU cream twice daily to her right lower abdomen was initiated with reduction in pain, bleeding, and drainage within the first week. Treatment with cryotherapy every 2 weeks to 4 to 6 areas was subsequently started. After just 2 cryotherapy treatments, her lesions healed appreciably, only requiring dressing changes every 2 days. She completed a 4-month course of topical 5FU and cryotherapy with dramatic cutaneous response, most prominent in the area treated with 5FU (right lower abdomen; Fig, 1, B) . She was continued on letrozole and palliative radiation with sustained improvement at 6 months.
CASE PRESENTATIONS
Patient 2 is a woman in her 60s with metastatic triple negative breast cancer. Despite treatment with multiple chemotherapeutics and radiation, her disease progressed prompting initiation of irinotecan salvage chemotherapy and referral to the dermatology department for additional treatment recommendations. On examination, she had cutaneous metastases limited to the right side of her chest and upper arm (Fig 2, A) . Treatment with topical imiquimod daily and cryotherapy to 2 to 12 lesions every 3 weeks was started. Despite initial resolution of several lesions, within 1 month she had progressive chest wall involvement, prompting addition of ixabepilone, another chemotherapeutic agent. Regression was noted after the first cycle of ixabepilone, with near complete resolution after the third cycle (Fig 2, B) , at which point she had received 3 months of skin-directed treatment.
Patient 3 is a woman in her 30s with recurrent metastatic HER2
1 MBC who presented for treatment of CMOBC. Neoadjuvant chemotherapy with trastuzumab and lapatinib and a right-sided, skin-sparing mastectomy followed by 1 year of trastuzumab sent her into remission. Two years later, local recurrence developed. Examination found an ulcerating plaque at her mastectomy site. Treatment with 5FU twice daily was initiated with immediate reduction in drainage and bleeding. Cryotherapy every 2 weeks to localized areas of the tumor was subsequently started. Despite initial improvement, her localized tumor completely ulcerated and rapidly progressive cutaneous involvement developed (Fig 3, A) along with nodal and brain metastases. Brain radiation and treatment with docetaxel, pertuzumab, and trastuzumab was initiated. With continued topical therapy, her lesions noticeably improved after 1 cycle of chemotherapy and responded remarkably after 4 cycles. Within 4 months of combined systemic and skin-directed therapy, she achieved a full clinical response with resolution of systemic and cutaneous metastases (Fig 3, B) . She continued on pertuzumab and trastuzumab maintenance therapy without evidence of recurrence at 19 months.
DISCUSSION
Here we describe 3 patients with CMOBC in whom combined skin-directed and systemic therapies produced dramatic clinical responses. In the authors experience, this uncharacteristic response to systemic therapy alone, particularly in heavily pretreated patients, suggests that skin-directed treatments may play a role in the management of CMOBC. We hypothesize that cryotherapy produces an in situ vaccination, whereas topical imiquimod and 5FU create a favorable immune milieu, which together induce specific antitumor immunity that synergizes with systemic therapeutics, resulting in improved clinical outcomes.
Imiquimod, a toll-like receptor 7 (TLR7) agonist used to treat primary skin cancers, is listed by the National Cancer Institute as one of the agents with the highest potential to cure cancer. 9 It has been used to treat melanoma in situ, and several reports describe its efficacy treating CMOBC. 3, 4, 10, 11 We found that when pretreated with imiquimod and cryotherapy, patient 2 had near-complete resolution of her CMOBC after only 4 cycles of chemotherapy. The unusually rapid response to chemotherapy may be from favorable immunomodulatory antitumor effects induced by imiquimod and cryotherapy. Our hypothesis is supported by findings of Janosky et al 6 who showed expansion of antigen-specific T helper 1 cells in 2 patients with CMOBC who had complete and durable response to endocrine therapy after application of topical imiquimod to cutaneous metastases. 3, 6 Additionally, studies suggest that imiquimod may promote antitumor immunity via stimulation of proinflammatory cytokines, dendritic cell maturation, and antigen presentation via TLR7 activation as well as direct stimulation of killer plasmacytoid dendritic cells. 3, 12 Further studies are needed to elucidate how imiquimod acts on CMOBC.
Encouraged by reports of imiquimod's efficacy treating CMOBC, we tested if 5FU, another topical used to treat primary skin cancers, could induce regression of CMOBC. In patients 1 and 3, we found that when use used alone, 5FU reduced bleeding and drainage of lesions and when combined with cryotherapy and systemic therapy, rapidly decreased tumor burden. Patient 3 had a dramatic response to chemotherapy and radiation with rapid regression of cutaneous and systemic metastases with sustained clearance. We believe that treatment with cryotherapy and topical 5FU is superior to cryotherapy alone given that the abdomen of patient 1 treated with 5FU and cryotherapy showed a better response than areas treated with cryotherapy alone, suggesting that 5FU induces an antitumor activity independent of cryotherapy. Similar to imiquimod, we believe that the dramatic response in both patients is in part owing to a favorable immune milieu induced by 5FU that synergizes with systemic therapies. Further studies are needed, however, to characterize the antitumor responses elicited by 5FU.
Cryotherapy, or tissue destruction by deep freezing and thawing, a common treatment for precancerous skin lesions, has been used to treat solid tumors of skin, breast, liver, and prostate. 7, 13 Encouraged by reports highlighting regression of metastases after primary tumor cryoablation, we tested if cryotherapy could enhance regression of CMOBC. 13 We found that addition of cryotherapy induced regression of cutaneous metastases in patients 1 and 3, suggesting that cryotherapy induces antitumor activity, which we hypothesize synergizes with systemic treatments given the rapid response elicited in patients 2 and 3 by addition of systemic therapy after pretreatment with skin-directed therapies. The feasibility of our hypothesis is strengthened by evidence that cryotherapy induces release of intact tumor antigens and an immediate local inflammatory response, thereby generating an in situ vaccination against target tumor antigens-a phenomenon described as cryo-immunotherapy. 7, 8 Additionally, evidence that antitumor immunity contributes to the response to chemotherapy supports our hypothesis that cryoimmunotherapy may condition the host immune system to achieve an antitumor effect synergistic with some systemic treatments. 14 We present 3 cases of MBC with extensive cutaneous metastases, treated with cryotherapy and either imiquimod or fluorouracil in addition to a systemic agent. Each patient showed significant clinical responses including one who continues to have no evidence of systemic or cutaneous disease. Just as cryotherapy followed by imiquimod is an effective way to treat primary skin cancers, we believe cryotherapy combined with imiquimod or 5FU has utility in treatment of CMOBC. 15 In light of evidence that imiquimod promotes a proimmunogenic tumor microenvironment in MBC, and antitumor immunity improves response to chemotherapy, we hypothesize that cryotherapy and topical immunomodulators induce tumor-specific immune responses to achieve an antitumor effect synergistic with systemic therapies. 14 We acknowledge the limitations of this series, including the small sample size, lack of a control group, and immunohistochemical analysis. Nevertheless, this limited cases series highlights that cryotherapy and topical immune modulators may play a role in management of CMOBC, possibly by generating improved responses to traditional systemic chemotherapeutics and emerging therapies including targeted agents and immune checkpoint blockers. Although results have not been presented, current trials are ongoing to evaluate combination therapy in metastatic melanoma (NCT03276832). Clinical and correlative studies are currently ongoing to develop a therapeutic protocol for CMOBC based on these observations.
